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and Amaranthinae in the Amaranthoideae whereas opposite, decussately arranged leaves are diagnostic

for Gomphrenoideae (Townsend 1993). The character is polymorphic within Aervinae, occasionally being

polymorphic within a population of a single species (Townsend 1993).

While collecting Amaranthaceae in Texas for molecular phylogenetic research on the Chenopodiaceae-

Amaranthaceae alliance, it was noted that several genera of Gomphrenoideae (e.g., Guilleminea Kunth,

Tidestromia Standi., and Alternanthera Forssk.) appeared to have alternate leaves, an unexpected condition

within the subfamily. Further examination of the collected specimens revealed that the taxa in question

have opposite leaves, but that the taxa superficially appear alternate-leaved due to a combination of aniso-

phylly and anisoclady. A morphological survey of the family was conducted to determine the prevalence,

phylogenetic distribution, and potential significance of these characters within the Amaranthaceae.

MATERIALS ANDMETHODS

Taxon Sampling. —Herbarium specimens from 24 genera and 52 species of the Amaranthaceae, includ-

ing members of both subfamilies and all tribes except the monotypic Pseudoplantageae (Gomphrenoideae),

were surveyed. Both subtribes of Amarantheae were also sampled. Multiple species were sampled fro®

Charpentiera Gaudich and the large genera Alternanthera
,

Amaranihus L., Gomphrena L., I resine P- Browne,

and Pfa/fia C. Mart. (Table 2).

Character Sampling. —Phyllotaxy, equality of leaf size between a pair of leaves at a single node, an

branching pattern were examined directly from herbarium specimens using a dissecting scope and a m '

fied Pohl’s solution (Pratt & Clark 2001) where necessary as follows (Table 3).

• Phyllotaxy was examined from all taxa and recorded as alternate or opposite.

• Equality of leaf size at a single node is inapplicable to alternate-leafed taxa, and was examine

d

opposite-leafed taxa. Leaf equality was recorded as isophyllous when both leaves of a pair at an

were of equal size, or as anisophyllous when one leaf of the pair was larger and better developed

the second.

Leaf equality was quantified by measuring the lengths of leaf pairs from three nodes and calc “^
the size ratio using the average leaf sizes in opposite-leaved taxa using herbarium specimens (

ISC, and MO) or digitized computer images (GH, K, and NY). Measurements on digitized images

made only when leaf pairs were unambiguous, a situation that was difficult to measure on

lous taxa. The length ratios were calculated (Table 4) and analyzed using t-Tests assumingbothequ* *

and unequal variances with JMP 8.0.1 statistical software (SAS 2002).

• Branching pattern was observed from all taxa and recorded as either isocladic or anisocladic I

opposite leaves, anisocladic branching was recorded for those taxa in which only one bud at a n0<"®^
oped into a branch. Isocladic branching was recorded when both buds at a node developed into b

.



tail Specimens examined. ASTC=Stephen F. Austin State University Herbarium. BPM=Borsch, Pratt, and Muller, GH=Gray Herbarium, ISC= Iowa State Ada Hayden

Herbarium, K= Kew Botanical Garden, M0= Missouri Botanical Garden Herbarium, NY= NewYork Botanical Garden. Numbers in parentheses indicate number of genera/

species per indicated taxon (Townsend 1993)

Amaranthaceae (69/780)

Amaranthinae (12/92)

Amaranthus blitoides S. Wats.

Qtamissoaaltissima (Jacq.) Ki

Charpentiera obovata Gaud.

Charpentiera ovata Gaud.

Aervinae (38/241)

Achyranthes bidentata Blume
Aervajavonica (Burm. F.) Juss.

Calicoremacapitata (Moq.) Hex

Pandiaka heudelotii (Moq.) Benth. & Hook.
Ptilotus obovatus (Gaudich.) F. Muell.

Pupalia lappacea (L.) Juss.

£e!osieaei5/761

Cehsiaargentea L.

feeringia polysperma (Roxb.) Moq.
Hermbstaedtia glauca Moq.
Heuropetalum sprucei (Hook. F.) Standley

Amarantheae (50/333)

Ames, Iowa, Pratt 200 (ISC)

Ames, Iowa, Pratt 199 (ISC)

Canary Islands, Kunkel 12484 (MO);

Canary Islands, Bramwell 1326 (MO)

Bolivia, Nee 40597 (ISC)

Oahu, Hawaii, Perlman & Lau6125 (MO)

Maui, Hawaii, Sohmer6594 (MO)

Ames, Iowa, Pratt 201 (ISO

Pakistan, Ajab&Ashraf 1254 (MO)

South West Africa, Giess, Volk, & Bleissner 6206 (MO)

Oahu, Hawaii, Degeners.n. (ISC)

Burundi, Lambinon 78/84 (MO)

Australia, Conn 2285 (MO)

Ghana, Schmidt, Amponsah, & Welsing 1881 (MO)

Ames, Iowa, Pratt 222 (ISQ

Taiwan, Shu-Hui Wu1 153 (MO)

South Africa, Esterhuysen 240 (MO)

Costa Rica, Jimdnez &Soto 98

1

(MO);

Costa Rica, Haber &Zuchowski 9397 (MO)

Argentina, s.c s.n. w
Arequipa, Peru, Pennell 13131 (NY)

Nacogdoches, Texas, Banks 2046 (ASTC)

Brazil, Tsugaru &Sano B-223 (NY)

Alpine, Texas, BPM3433 (ISC)

Puerto Rico, Luquilb, Liogier&Liogier 31898 (NY)

Asuncion, Paraguay, Morong 40 (NY)

Chamber Co, Texas, Jones 1623 (ASTC)

Montgomery Co, Texas, Raines 258 (ASTC)

Carlsbad, NewMexico, BPM3449 (ISC)

Hamilton, Texas, Stanford 1337 (ASTC)

Concordia Parish, Louisiana, Thomas, Martin,

Scarborough, &Slaughter 106,565 (ASTC)

St. John, Virgin Islands, Acevedo-Rodriguezet al. 2913 (NY)

South Padre Island, Texas, BPM3444 (ISC)

Mcintosh Co., Georgia, Duncan 20458 (ISQ

Colombia, Dawe527 (K)

Mato Grosso do Sul, Brazil, Lindman A2497

{

NY)

Ames, Iowa, Pratt 228 (ISQ

Ixiamus, Bolivia, Cardenas 191

1

(NY)

Minas Gerais, Brazil, Pirani etal. CRCR8686(NY)

St. Thomas University, Virgin Islands,

Acevedo-Rodriguez 1 1372 (NY)

Paraguay, Hassler7491 (NY)
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Twiif 4. leaf length ratios of equal and unequal leaf pairs in Gomphrenoideae.

Alternanthera bettzickiana

Alternanthera brasiliana

Alternanthera ficoidea*

Alternanthera philoxeroides

Alternanthera sessilis

Gomphrena albi flora

Gomphrena globosa

Gomphrena lutea

Gomphrena pangens

Gomphrena serrata

Iresineangustifolia

Iresineargentata

Iresine diffusa

Gossypianthus lanuginosa

Guillemineadensa

Tidestromia lanuginosa

Average Leaf Ratio
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Isophyllous

Isophyllous

Anisophyllous

Anisophyllous

Anisophyllous

Anisophyllous

Anisophyllous

•Average was calculated from only two leaf pairs

0.99:

0.98:

0.93:

0.93:

1.00:

0.90:

0.98:

0.92:

0.93:

0.97:

0.95

0.93

0.89

0.97

0.96:

0.86:

0.90:

0.97:

used in taxonomic treatments, despite the fact that they maybe of some taxonomic utility. The unre P°
rt

^
yet widespread presence of anisophylly and anisoclady within the Amaranthaceae was somewhat surp

ing, but underscores the great need for critical morphological examination of the Amaranthaceae as we

for its sister family the Chenopodiaceae. ^
Molecular phylogenetic analyses of the Chenopodiaceae-Amaranthaceae alliance (Pratt 2003; Ka

2003; Muller & Borsch 2005) have recovered a strongly supported monophyletic Gomphrenoideae
^

relationships of the Gomphrenoideae (opposite leaves) with opposite-leaved taxa of the Aervineae are

certain. Strict consensus places many of the Aervineae as sister to Gomphrenoideae, although rela ”°
s

with the Aervineae-Gomphrenoideae clade are currently unresolved (Pratt 2003; Kadereit 2003; MU^
Borsch 2005; Sage et al. 2007). Anisophylly and anisoclady were restricted to the Gomphrenoideae i®

survey of the Amaranthaceae. Because the characters have been previously unreported, their presence ^
a taxon cannot be ruled out based on prior literature.







adaptive significance of anisophylly and anisoclady within the Gomphrenoideae must also take into account

the correlation of these characters with photosynthetic system.
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